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(37) ABSTRACT

A pneumatic tire suitable for competitive sports has a speci-
fied tread pattern comprising a central region and both shoul-
der regions, 1n which a plurality of bell-shaped wide-width
main grooves each extended substantially bell-shapedly mto
both sides approximately centering on an equator of the tire
are disposed 1n the tread at a given interval 1in the circumfier-
ential direction of the tire wherein the bell-shaped wide-width
main groove has specified inclination angles 1n the central
region and the shoulder region and specified groove width
and groove depth, and a width of a connecting land portion at
a position coming the bells-shaped wide-width main grooves
closest to each other 1s not less than 1.5 mm, and the tire has
a given negative ratio at the central region.

10 Claims, 3 Drawing Sheets
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PNEUMATIC TIRE HAVING BELL SHAPED
WIDE WIDTH MAIN GROOVES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a pneumatic tire, and more par-
ticularly to a pneumatic tire having an excellent steering
stability at wet condition and suitable for competitive sports,
particularly racing cart.

2. Description of Related Art

In wet-type tires for competitive sports such as racing cart
and the like 1s generally adopted a block-type tread pattern
placing importance on a gripping stability when a water vol-
ume on a road suriace 1s large 1n view of the safety. In such a
tread pattern, however, there 1s a problem that as the water
volume 1s decreased by the change of weather condition, the
lateral slippage at the corner becomes large due to the lacking
of nigidity 1n the blocks of the pattern and the performance
deterioration 1s caused.

Since a racing cart 1s light 1n the load, 1t frequently adopts
a fine block pattern mainly comprising four main grooves as
a front tire or five main grooves as a rear tire continuing 1n a
circumfierential direction of the tire. As a result, as the water
volume might become less, there 1s caused a remarkable
performance deterioration that the lateral slippage becomes
larger due to the phenomenon that the block rigidity 1s lacking
or the lowering of lateral force produced in the cornering
accompanied with the progress of wearing at shoulder blocks.

On the other hand, as a largish block pattern 1s adopted by
placing importance on the performance when the water vol-
ume 1s small, the total groove area 1n the limited ground
contact area 1s decreased, and hence the hydroplaning phe-
nomenon 1s liable to be easily caused under a condition that
the water volume 1s large to finally bring about the deteriora-
tion of the steering stability. In the tires for wet condition of
changeable water volume on the road surface, therefore, 1t 1s
a significant matter how to stably develop the gripping per-
formance even 1n a broad range of water volume conditions.

As a technique on the improvement of the tread pattern 1n
the pneumatic tire, for example, JP-A-5-338415 discloses a
pneumatic tire wherein circumierential grooves extending in
the circumiferential direction of the tread and widthwise
grooves extending obliquely upward are arranged 1n the tread
and the widthwise groove 1s comprised of first groove seg-
ment and second groove segment to improve the resistance to
uneven wear while ensuring the excellent gripping perfor-
mance and high gripping force on the road surface in the
high-speed cornering. Also, JP-A-9-226322 discloses a pneu-
matic tire having a tread pattern provided with two kinds of
directional slanting grooves having given low inclination
angle and high inclination angle with respect to the circum-
ferential direction. Furthermore, JP-A-4-43105 and JP-A-4-
126612 disclose a pneumatic tire wherein circumierential
straight grooves extending in the circumierential direction
and a plurality of slant grooves extending obliquely upward
from a central region of the tread toward an end of the tread
and opening to the tread end are arranged at given positions,
respectively to improve the steering stability on a dry road
surface and the drainage property on a wet road surface. In
addition, JP-A-4-350006 discloses a pneumatic tire wherein
curved grooves of hyperbolic shape are arranged at given
angles on both sides of a main groove disposed in the circum-
terential direction as a technique of improving the tread pat-
tern for the purpose of improving the drainage property.
Moreover, JP-A-2002-103920 discloses a technique wherein
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arranged under given conditions 1n order to realize a tread of
a pneumatic tire suitable for wide applications on paved road
and off-the-road.

As to the improvement of the tread pattern 1n the pneumatic
tire used under wet conditions, there are made various exami-
nations as mentioned above, but it 1s demanded to develop
pneumatic tires more improving the steering stability from
the requirement of further improving the performances.

In the conventional wet tires for the racing cart, since the
block pattern comprising four main circumierential grooves
as a front tire or five main circumierential grooves as a rear
tire 1s commonly used as previously mentioned, there 1s a
problem that as the water volume becomes less, the wearing
of the blocks located at the inside of the mounting becomes
fast to bring about the lowering of the lateral force produced
and the lowering of the braking force. As a counter-measure,
it 1s mentioned to make the block large, which decreases the
total groove area in the limited ground contact area of the tire
for the racing cart being light in the load as long as 1t 1s
positioned on an extension of the conventional block pattern
based on the main circumierential grooves, so that it has not
yet led to prevent the problem of easily causing the hydro-

plaming phenomenon or the occurrence of uneven wear along
the main circumiferential groove.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the invention to provide a
pneumatic tire suitable for competitive sports, particularly a
pneumatic tire for a racing cart having an excellent steering
stability under wet conditions by improving the tread pattern
to stably ensure the gripping performance compatible with
the wide range of water volume conditions.

The inventors have made various studies for solving the
above problems and found that the tread pattern 1s rendered
into the construction mentioned later, whereby the lowering
of the pattern rigidity or wear resistance in the shoulder por-
tion, which results 1n the lowering of the lateral force even
under a small water volume condition, can be prevented with-
out damaging the drainage property and hence the stable
running performances can be developed under conditions
ranging from a large water volume to a small water volume,
and as a result, the invention has been accomplished.

According to a first aspect of the ivention, there 1s the
provision of a pneumatic tire having a central region corre-
sponding to TWy,x35% and both shoulder regions when
TW,, 1s a ground contact width of a tread 1n the tire mounted
onto a rim of 4.5-5 inches under an 1nternal pressure of 100
kPa and a load 01 784 N, 1n which no wide-width main groove
continuously extending 1n a circumiferential direction 1s exis-
tent 1n the central region and the shoulder regions, character-
ized 1n that a plurality of bell-shaped wide-width main
grooves each extended substantially bell-shapedly into both
sides approximately centering on an equator of the tire are
disposed 1n the tread to form a plurality of land parts each
comprised of a center land portion, a shoulder land portion
and a connecting land portion viewing from a front face of the
tire 1n which an inclination angle with respect to the circum-
terential direction 1s 90-10° 1n the central region and 10-90° 1n
the shoulder region and a groove width 1s 7-13% of TW,, and
a groove depth 1s 65-90% of a rubber thickness of the tread,
and an 1nterval (d1) on the equator between the bell-shaped
wide-width main grooves adjoiming to each other 1n the cir-
cumierential direction 1s 4.0-5.5% of a tire peripheral length
and a width (d2) of the connecting land portion at a position
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coming the bells-shaped wide-width main grooves closest to
cach other 1s not less than 1.5 mm, and a negative ratio at the

central region 1s 50-80%.

According to a second aspect of the invention, there 1s the
provision of a pneumatic tire having a central region corre-
sponding to TW,,,x35% and both shoulder regions when
TW,,,1s a ground contact width of a tread 1n the tire mounted
onto arim of 7-5 inches under an 1internal pressure of 100 kPa
and a load of 1078 N, 1n which no wide-width main groove
continuously extending 1n a circumierential direction 1s exis-
tent 1n the shoulder regions, characterized in that a wide-
width main groove extending straight 1n the circumierential
direction and having a see-through width corresponding to
5-9% of TW,,, and a groove depth corresponding to 65-90%
of a rubber thickness of the tread 1s disposed on an equator of
the tire and a plurality of bell-shaped wide-width main
grooves each extended substantially bell-shapedly into both
sides approximately centering on an equator of the tire are
disposed 1n the tread to form a plurality of land parts each
comprised of a center land portion, a shoulder land portion
and a connecting land portion viewing from a front face of the
tire in which an inclination angle with respect to the circum-
terential direction 1s 90-10° 1n the central region and 10-90° 1n
the shoulder region and a groove width 1s 7-13% of TW,
and a groove depth 1s 65-90% of the rubber thickness of the
tread, and an interval (d3) on the equator between the bell-
shaped wide-width main grooves adjoiming to each other in
the circumierential direction 1s 4.0-5.5% of a tire peripheral
length and a width (d4) of the connecting land portion at a
position coming the bells-shaped wide-width main grooves
closest to each other 1s not less than 1.5 mm, and a negative
ratio at the central region 1s 55-65%.

According to the mmvention, a tread pattern based on the
bell-shaped wide-width main grooves 1s adopted for substan-
tially reducing the circumierential main grooves, and the
circumierential main groove 1s removed from the shoulder
portion violently causing the wearing, whereby the wear
resistance can be largely improved while sufficiently ensur-
ing the total groove area, and hence the improvements of the
resistance to hydroplaning under a large water volume con-
dition and the wear resistance under a small water volume
condition and 1t 1s possible to realize a pneumatic tire capable
of stably developing the steering stability irrespectively of the
increase or decrease of the water volume.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s a partial plan view showing a tread pattern of a
pneumatic tire according to the first aspect of the invention,

and FIG. 15 1s an enlarged section view taken along a line
156-1b6 of FIG. 1a.

FIG. 2a 1s a partial plan view showing a tread pattern of a
pneumatic tire according to the second aspect of the mven-
tion, and FIG. 25 1s an enlarged section view taken along a

line 256-256 of FIG. 2a.

FI1G. 3a 1s a partially developed plan view of a tread pattern
when the pneumatic tire of FI1G. 1a 1s used as a front tire, and
FIG. 3b 1s a partially developed plan view of a tread pattern
when the pneumatic tire of FIG. 2a 1s used as a rear tire.

FI1G. 4a 1s a partially developed plan view of a tread pattern
when a conventional pneumatic tire 1s used as a front tire, and
FIG. 4b 1s a partially developed plan view of a tread pattern
when another conventional pneumatic tire 1s used as a rear
tire.
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BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

The invention will be described below with reference to the
preferred embodiments shown 1n the accompanying draw-
Ings.

In FIG. 1a 1s shown a tread pattern of a pneumatic tire
according to the first aspect of the imvention. This tire has a
central region C corresponding to TW,,x35% and both
shoulder regions S when TW g, 1s a ground contact width of a
tread 1n the tire mounted on a rim of 4.5-5 inches under an
internal pressure of 100 kPa and a load of 784 N.

In the first aspect of the mnvention, 1t 1s required that a
wide-width main groove continuously extending 1n the cir-
cumierential direction of the tire 1s not arranged 1n the shoul-
der region S for reducing the wearing of the shoulder portion
under a small water volume condition, and also a wide-width
main groove continuously extending in the circumierential
direction 1s not arranged 1n the central region, from which it 1s
anticipated to lower the drainage property under a large water
volume condition. In the invention, therefore, 1t 1s essential to
arrange a plurality of bell-shaped wide-width main grooves 2
in the tread for sufficiently ensuring the drainage property
under such a condition. As a result, a land part 3 1s formed
between the bell-shaped wide-width main grooves 2 adjoin-
ing to each other 1n the circumierential direction of the tire
and comprised of a center land portion 4, a shoulder land
portion 5 and a connecting land portion 6 located between the
land portions 4 and 5.

The bell-shaped wide-width main groove 2 1s extended
substantially bell-shapedly into both sides approximately
centering on an equator E of the tire viewing from a front face
of the tire as shown 1n the figure, 1n which an inclination angle
with respect to the circumierential direction 1s 90-10°, pret-
erably 75-15° 1n the central region C and 10-90°, preferably
15-90° 1n the shoulder region S, and a groove width 1s 7-13%,
preferably 9-11% of TW,, and a groove depth 1s 65-90%,
preferably 70-83% of a rubber thickness of the tread. Con-
sidering the drainage property, the groove width and groove
depth of the bell-shaped wide-width main groove 2 are par-
ticularly important to satisiy the above range, respectively. IT
the width of the bell-shaped wide-width main groove 2 1s too
large, the groove area in the limited ground contact area
becomes too large to decrease the area of the land part 3
contacting with ground and hence the suificient gripping
force can not be obtained.

I1 1t 1s intended to mount the tire on a front wheel, a tire
having a good response to the steering becomes preferable to
a driver. When the above tire 1s used as a front tire, therefore,
it 15 essential to arrange center land portions 4 in the central
region C without arranging a wide-width main groove con-
tinuously extending in the circumierential direction. These
center land portions 4 are formed by arranging the bell-
shaped wide-width main grooves 2 1n the central region C so
as to adjoin to each other at a given interval in the circumfier-
ential direction. The interval (d1) between the bell-shaped
wide-width main grooves 2 adjoining to each other in the
circumierential direction or an interval between the mutually
adjoining center land portions 4 1s 4.0-5.5%, preferably 4.2-
5.0% of a tire peripheral length. When the interval d1 is less
than 4.0% of the tire peripheral length, the response to the
steering becomes poor, while when 1t exceeds 5.5% of the tire
peripheral length, it 1s difficult to ensure the groove volume
required for the drainage property.

As shown 1 FIG. 1a, the bell-shaped wide-width main
grooves 2 adjoining to each other in the circumierential direc-
tion come closest to each other 1n the vicinity of a boundary
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between the central region C and the shoulder region S. How-
ever, when the bell-shaped wide-width main grooves 2 come
too close to each other, the rnigidity of the connecting land
portion 6 located between the center land portion 4 and the
shoulder land portion 5 at a position coming the grooves 2
closest to each other lowers and hence the wear resistance 1s
deteriorated. For this end, the width (d2) of the connecting
land portion 6 at the position coming the grooves 2 closest to
cach other 1s required to be not less than 1.5 mm, preferably
2-3 mm.

In the tread pattern shown 1n FIG. 1a, the wide-width main
groove continuously extending in the circumierential direc-
tion 1s not arranged 1n the shoulder region S for improving the
wear resistance at the shoulder portion, and as a result, the
dramnage property at the central region C becomes more
important. In order to ensure the drainage property causing no
hydroplaning under a large water volume condition, it 1s
required that the negative ratio of the central region C 1s not
less than 50%. On the other hand, when the negative ratio
exceeds 80%, the land portion 4 in the central region 1is
extremely decreased to bring about the lowering of the grip-
ping force or the wear resistance. In the invention, therefore,
the negative ratio of the central region C 1s essential to be
50-80%, preferably 60-72%.

Since the connecting land portion 6 at the position coming
the bell-shaped wide-width main grooves 2 closest to each
other takes a smaller-width shape as mentioned above, it 1s
required to make the width of such a connecting land portion
6 to an extent causing no problem on the wear resistance.
From this viewpoint, it 1s preferable that in at least the vicinity
of such a connecting land portion 6, a radius of curvature (R1)
of a curved part connecting to a top (R0) of the bell-shaped
wide-width main groove 2 at a leading side 1s not more than
35 mm and a radius of curvature (R2) of a bottom portion of
the bell-shaped wide-width main groove 2 at a trailing side 1s
not more than 80 mm.

In the connecting land portion 6 at the position coming the
bell-shaped wide-width main grooves 2 closest to each other
in the circumierential direction, it 1s preferable to form a
recess 7 communicating both the adjoining bell-shaped wide-
width main grooves 2 for improving the drainage property. In
FIG. 15 1s shown an enlarged section view of the recess 7.
Since the recess 7 1s required to have a volume enough to
cause the flow of water between the adjoining bell-shaped
wide-width main grooves 2, the recess 7 has substantially a
streamline shape at a section in which a height of the con-
necting land portion 6 1s gradually decreased 1n the thickness
direction of the tread as shown 1n FI1G. 15. It 1s preferable that
a length of the recess 7 formed 1n the connecting land portion
at a zone at least ranging from an outer surface of the tread to
20% of the depth of the main groove 2 1s 80-200% of the
width of the main groove 2 and a depth of the recess 7 at a
position deepest from the outer surface of the tread 1s
60-100% of the depth of the main groove 2. Moreover, 1f the
length of the recess 1n the length direction of the connecting
land portion 1s too long, the gripping force in the center land
portion 4 lowers, so that 1t 1s desirable to control the length of
the recess 7 up to 200% of the width of the main groove 2.

Also, 1t 1s preferable that at least one sub-groove 8 1s
arranged 1n the shoulder land portion 3 formed 1n the shoulder
region S between the adjoining bell-shaped wide-width main
grooves 2 1n order to cut water film penetrated beneath the
shoulder land portion 5 to improve the drainage property. As
a result, the shoulder land portion 5 has substantially a fork
shape as shown in FIG. 1a. In order to provide a stable
gripping force 1n both the longitudinal and lateral directions,
the sub-groove 8 1s required to have such a volume that a
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groove width 1s 15-60% of the width of the main groove 2 and
a groove depth 1s 30-100% of the depth of the main groove 2.
If the groove width of the sub-groove 8 becomes too large, the
area of the shoulder land portion 5 contacting with ground 1s
reduced and the rigidity thereof becomes weak to bring about
the lowering of the gripping force 1n the lateral direction, so
that the groove width 1s desirable to be controlled to 60% of
the width of the main groove 2. Moreover, the sub-groove 8
may be opened or not be opened to an end of the shoulder in
accordance with the rigidity required for the shoulder land
portion 5, and 1n any case the effect aimed at the invention can
be obtained without problem. As shown in FIG. 1a, a sipe 9
may be properly arranged between the sub-groove 8 and the
bell-shaped wide-width main groove 2.

Furthermore, 1t 1s preferable that a sipe 10 communicating,
with the bell-shaped wide-width main groove 2 1s arranged
substantially 1n a center of the center land portion 4 1n the
circumierential direction in order to cut water film penetrated
beneath the center land portion to improve the drainage prop-
erty. If the sipe 10 becomes too large, the rigidity of the center
land portion 4 1s lacking to deteriorate the response to the
steering, so that the sipe 10 1s desirable to have a width of
0.5-2 mm and a depth corresponding to 30-80% of the depth
of the main groove 2 1n accordance with the block size of the
center land portion 4.

The pneumatic tire according to the first aspect of the
invention 1s suitable for competitive sports as mentioned
above, and particularly 1t 1s suitable as a front tire of a racing
cart. Such a tire 1s most effective when 1t 1s mounted onto a
front wheel of the racing cart under wet condition.

In FIG. 2a 1s shown a tread pattern of a pneumatic tire
according to the second aspect of the mvention. This tire has
a central region C corresponding to TW,,,x35% and both
shoulder regions S when TW,, , 1s a ground contact width of
a tread 1n the tire mounted on a rim of 7-5 inches under an

internal pressure of 100 kPa and a load of 1078 N.

In the second aspect of the mvention, it 1s required that a
wide-width main groove continuously extending 1n the cir-
cumierential direction of the tire 1s not arranged 1n the shoul-
derregion S, from which it 1s anticipated to lower the drainage
property under a large water volume condition. In the mnven-
tion, therefore, 1t 1s essential to arrange a plurality of bell-
shaped wide-width main grooves 12 1n the tread for suili-
ciently ensuring the drainage property under such a condition.
As aresult, a land part 13 1s formed between the bell-shaped
wide-width main grooves 12 adjoiming to each other 1n the
circumierential direction of the tire and comprised of a center
land portion 14, a shoulder land portion 135 and a connecting
land portion 16 located between the land portions 14 and 15.

The bell-shaped wide-width main groove 12 1s extended
substantially bell-shapedly into both sides approximately
centering on an equator E of the tire viewing from a front face
of the tire as shown 1n the figure, 1n which an inclination angle
with respect to the circumierential direction 1s 90-10°, pret-
erably 70-10° 1n the central region C and 10-90°, preferably
10-70° 1n the shoulder region S, and a groove width 1s 5-8%,
preferably 5-7% of TW,,, and a groove depth 1s 65-90%,
preferably 70-83% of a rubber thickness of the tread. Con-
sidering the drainage property, the groove width and groove
depth of the bell-shaped wide-width main groove 12 are
particularly important to satisty the above range, respectively.
If the width of the bell-shaped wide-width main groove 12 1s
too large, the groove area 1n the limited ground contact area
becomes too large to decrease the area of the land part 13
contacting with ground and hence the suificient gripping
force can not be obtained.
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When the above tire 1s mounted on a rear wheel, the lateral
gripping force lowers under traction force, but 1f the drainage
property 1s poor in the entrance 1nto a pool, the lateral grip-
ping force 1s further lacking and hence the lateral slippage 1s
casily caused as compared with the front tire. For this end, the
rear tire 1s required to attach importance to the drainage
property as compared with the front tire 1n order to provide
the stability of the gripping force on the pool. Therefore, the
tire 1s essential to have a wide-width circumiferential main
groove 11 of substantially a straight form on the equator E of
the tire.

In order to ensure the drainage property, the wide-width
circumierential main groove 11 1s required to have a volume
that a see-through width 1s 5-9%, preferably 6-8% of TW,
and a groove depth 1s 65-90%, preferably 70-83% of the
rubber thickness of the tread. If the wide-width circumieren-
t1al main groove 11 becomes too large, the area of the center
land portion C 1s decreased and hence the sullicient gripping
force can not be obtained.

As shown 1n FIG. 2a, the bell-shaped wide-width main
grooves 12 adjoining to each other in the circumierential
direction come closest to each other 1n the vicinity of a bound-
ary between the central region C and the shoulder region S.
However, when the bell-shaped wide-width main grooves 12
come too close to each other, the rigidity of the connecting
land portion 16 located between the center land portion 14
and the shoulder land portion 15 at a position coming the
grooves 12 closest to each other lowers and hence the wear
resistance 1s deteriorated. For this end, the width (d4) of the
connecting land portion 16 at the position coming the grooves
12 closest to each other 1s required to be not less than 1.5 mm,
preferably 2-3 mm.

These center land portions 14 are formed by arranging the
bell-shaped wide-width main grooves 12 1n the central region
C so as to adjoin to each other at a given iterval in the
circumierential direction. The 1nterval (d3) between the bell-
shaped wide-width main grooves 12 adjoining to each other
in the circumierential direction 1s 4.0-5.5%, preferably 4.0-
5.0% of a tire peripheral length. When the interval d3 i1s less
than 4.0% of the tire peripheral length, the volume of the
center land portion 14 becomes small to lower the ngidity of
the center land portion 14 and hence the gripping force
becomes small, while when it exceeds 5.5% of'the tire periph-
eral length, the drainage property 1s deteriorated to bring
about the lowering of the gripping force. In the illustrated
embodiment, the bell-shaped wide-width main groove 12 1s
symmetrically extended on both sides substantially centering
on the equator E of the tire, but the bell-shaped wide-width
main grooves 12 may be off-set to each other on both sides
about the equator E 1n the circumierential direction. In the
latter case, the effects aimed at the invention can be obtained
without problem.

In the tread pattern shown 1n FIG. 24, the wide-width main
groove continuously extending 1in the circumierential direc-
tion 1s not arranged 1n the shoulder region S for improving the
wear resistance at the shoulder portion, and as a result, the
dramnage property at the central region C becomes more
important. In order to ensure the drainage property causing no
hydroplaning under a large water volume condition, it 1s
required that the negative ratio of the central region C 1s not
less than 55%. On the other hand, when the negative ratio
exceeds 65%, the land portion 14 1n the central region 1s
extremely decreased to bring about the lowering of the grip-
ping force or the wear resistance. In the mnvention, therefore,
the negative ratio of the central region C 1s essential to be

55-65%, preferably 55-60%.
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Since the connecting land portion 16 at the position coming
the bell-shaped wide-width main grooves 12 closest to each
other takes a smaller-width shape as mentioned above, 1t 1s
required to make the width of such a connecting land portion
16 to an extent causing no problem on the wear resistance.
From this viewpoint, it 1s preferable that viewing from the
connecting land portion 16, an angle (al) of the center land
portion 14 defined between the bell-shaped wide-width main
grooves 12 1s set to not less than 25° and an angle (¢.2) of the
shoulder land portion 15 defined between the bell-shaped
wide-width main grooves 12 1s set to not less than 25°, respec-
tively.

In the connecting land portion 16 at the position coming the
bell-shaped wide-width main grooves 12 closest to each other
in the circumierential direction, it 1s preferable to form a
recess 17 communicating both the adjoining bell-shaped
wide-width main grooves 12 for improving the drainage
property. In FIG. 2b 1s shown an enlarged section view of the
recess 17. Since the recess 17 1s required to have a volume
enough to cause the flow of water between the adjoining
bell-shaped wide-width main grooves 12, the recess 17 has
substantially a streamline shape at a section 1in which a height
ol the connecting land portion 16 1s gradually decreased in the
thickness direction of the tread as shown 1n FIG. 2b. It 1s
preferable that a length of the recess 17 formed 1n the con-
necting land portion at a zone at least ranging from an outer
surface of the tread to 20% of the depth of the main groove 12
1s 80-200% of the width of the main groove 12 and a depth of
therecess 17 at a position deepest from the outer surface of the
tread 1s 60-100% of the depth of the main groove 12. More-
over, 1f the length of the recess in the length direction of the
connecting land portion 1s too long, the gripping force in the
center land portion 14 lowers, so that it 1s desirable to control
the length of the recess 17 up to 200% of the width of the main
groove 2.

Also, 1t 1s preferable that at least one sub-groove 18 1is
arranged 1n the shoulder land portion 15 formed 1n the shoul-
der region S between the adjoining bell-shaped wide-width
main grooves 12 1n order to cut water film penetrated beneath
the shoulder land portion 15 to improve the drainage property.
As a result, the shoulder land portion 15 has substantially a
fork shape as shown in FIG. 2a. In order to provide a stable
gripping force in both the longitudinal and lateral directions,
the sub-groove 18 1s required to have such a volume that a
groove width 1s 30-65% of the width of the main groove 12
and a groove depth 1s 40-100% of the depth of the main
groove 12. If the groove width of the sub-groove 18 becomes
too large, the area of the shoulder land portion 15 contacting
with ground 1s reduced and the rigidity thereotf becomes weak
to bring about the lowering of the gripping force 1n the lateral
direction, so that the groove width 1s desirable to be controlled
to 65% of the width of the main groove 12. Moreover, the
sub-groove 18 may be opened or not be opened to an end of
the shoulder 1n accordance with the rigidity required for the
shoulder land portion 15, and 1n any case the effects aimed at
the invention can be obtained without problem. As shown in
FIG. 2a, a sipe 19 may be properly arranged between the

sub-groove 18 and the bell-shaped wide-width main groove
12.

Furthermore, 1t 1s preferable that a sipe 20 communicating,
with the bell-shaped wide-width main groove 12 1s arranged
substantially 1n a center of the center land portion 14 1n the
circumierential direction 1n order to cut water film penetrated
beneath the center land portion to improve the drainage prop-
erty. If the sipe 20 becomes too large, the rigidity of the center
land portion 14 1s lacking to deteriorate the wear resistance,
so that the sipe 20 1s desirable to have a width 010.5-2 mm and
a depth corresponding to 40-80% of the depth of the main
groove 12 1n accordance with the block size of the center land
portion 14.
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The pneumatic tire according to the second aspect of the
invention 1s suitable for competitive sports as mentioned

above, and particularly 1t 1s suitable as a rear tire of a racing
cart. Such a tire 1s most effective when 1t 1s mounted onto a

rear wheel of the racing cart under wet condition.

The following examples are given in illustration of the
invention and are not intended as limitations thereof.

As Example 1, a pneumatic tire having a tread pattern
shown 1n FIG. 1a (F1G. 3a) according to the first aspect of the
invention 1s prepared under conditions shown in Table 1 and
mounted onto a front wheel of a racing cart to conduct an
actual running test for evaluating performances. As a rear tire
1s used a tire shown 1n FIG. 3b having a specification suitable
as a combination with the front tire. For the comparison,
Conventional Example 1 uses a front tire (FIG. 4a) prepared
under conditions shown in Table 1 and a rear tire having a
specification suitable as a combination with the front tire.

TABLE 1
Conventional
Example 1 Example 1
Tire size 4.5/10.0-5 4.5/10.0-5
Negative ratio of central region 67% 56%
in ground contact under internal
pressure of 100 kPa and load of 784 N
Groove width of bell-shaped 10% of TWgq 8% of TWg,
wide-width main groove 2
Groove depth of bell-shaped 77% 77%
wide-width main groove 2
(to rubber thickness of tread)
d1 (to tire peripheral length) 4.5% —
d2 3 mm —
R1 20 mm —
R2 40 mm —
Length of recess (to width of 100% —
main groove)
Depth of recess (to depth of 80% —
main groove)
Inclination angle of bell-shaped 635-17° —
wide-width main groove 2 1n
central region
Inclination angle of bell-shaped 17-90° —
wide-width main groove 2 1n
shoulder region
Width of sub-groove &8 (to width 30% —
of main groove)
Depth of sub-groove 8 (to depth 80% —
of main groove)
Width of sipe 10 in substantially 1 mm 1 mm
a center of center land portion
Depth of sipe 10 1n substantially 40% 40%

a center of center land portion
(to depth of main groove)

(1) Conditions of Actual Running Test

a. Test course: Sugao International cart course. The running 1s
carried out under wet condition by sprinkling water onto a
part of the course.

b. The running 1s carried out by making larger the water
volume on a part of the course for evaluating the drainage

property.
¢. Runming vehicle: racing cart and engine of FA class

d. Driver for evaluation: a professional driver acquired with
an 1nternational racing cart license

¢. Rim used: 4.5-5 (front), 7.0-5 (rear)

Internal pressure used: 100 kPa (front), 100 kPa (rear)
(2) Results of Actual Running Test

a. Lap time and wear

With respect to the tires of Example 1 and Conventional
Example 1, the results evaluated on the average lap time and
shoulder wear are shown 1n Table 2.
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TABLE 2
Conventional
Example 1 Example 1
Average lap time (seconds) 39.0 39.2
Shoulder wear small middle

b. Evaluation by feeling at a place having a large water vol-
ume

The tire of Conventional Example 1 1s long 1n the slipping
time on the place having the large water volume and does not
maintain directional control, while the tire of Example 1 1s
strong 1n the gripping force and stable and good 1n the steer-
ng.

c. Evaluation by feeling at a place having middle to small
water volume

In the tire of Example 1, the cart 1s easily controlled even in
the rough steering as compared with the tire of Conventional
Example 1. Also, the rear portion of the cart 1s sable at the
moment of moving the front portion from braking, and the
steering of the front portion becomes sharp and the driving 1s
casy and good.

d. Total evaluation

—

The tire of Example 1 develops a stable gripping force
irrespectively of the water volume as compared with the tire
of Conventional Example 1, and 1s easy 1n the steering and
can run at a fast time to provide good results.

As Example 2, a pneumatic tire having a tread pattern
shown 1n FI1G. 2a (F1G. 3b) according to the second aspect of
the ivention 1s prepared under conditions shown in Table 3
and mounted onto a rear wheel of a racing cart to conduct an
actual running test for evaluating performances. As a front tire
1s used a tire shown 1n FIG. 3¢ having a specification suitable
as a combination with the rear tire. For the comparison, Con-
ventional Example 2 uses a rear tire (FI1G. 4b) prepared under
conditions shown 1n Table 3 and a front tire having a specifi-

cation suitable as a combination with the rear tire.

TABLE 3
Conventional

Example 2 Example 2
Tire size 7.1/11.0-5 7.1/11.0-5
Negative ratio of central region in 59% 56%
ground contact under internal
pressure of 100 kPa and load of
1078 N
Groove width of wide-width 7% of TW 4 7% of TW | (o
circumierential main groove 11
Groove depth of wide-width 77% 77%

circumferential main groove 11

(to rubber thickness of tread)
Groove width of bell-shaped
wide-width main groove 12

5-7% of TW, o

Groove depth of bell-shaped 77% —
wide-width main groove 12

(to rubber thickness of tread)

d3 (to tire peripheral length) 4.2% -
d4 3 mm —
al 33° —
a2 33° —
Length of recess 17 (to width of 140% —
main groove)

Depth of recess 17 (to depth of 80% —
main groove)

Inclination angle of bell-shaped 50-12° —

wide-width main groove 12
in central region
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TABLE 3-continued

Conventional

Example 2 Example 2

Inclination angle of bell-shaped 12-90°
wide-width main groove 12

in shoulder region

Width of sub-groove 18 (to width
of main groove)

Depth of sub¥groove 18 (to
depth of main groove)

Width of sipe 20

Depth of sipe 20

63%

100%

1 mm
40%

1 mm
40%

(1) Conditions of Actual Running Test

a. Test course: Sugao International cart course. The running 1s
carried out under wet condition by sprinkling water onto a
part of the course.

b. The running 1s carried out by making larger the water
volume on a part of the course for evaluating the drainage
property.

¢. Running vehicle: racing cart and engine of FA class

d. Drniver for evaluation: a professional driver acquired with
an 1nternational racing cart license

¢. Rim used: 4.5-5 (1front), 7.0-5 (rear)

Internal pressure used: 100 kPa (front), 100 kPa (rear)

(2) Results of Actual Running Test

a. Lap time and wear
With respect to the tires of Example 2 and Conventional

Example 2, the results evaluated on the average lap time and

shoulder wear are shown 1n Table 4.

TABLE 4
Conventional
Example 2 Example 2
Average lap time (seconds) 39.0 39.2
Shoulder wear small middle

b. Evaluation by feeling at a place having a large water Vol-
ume

The tire of Conventional Example 2 1s long 1n the slipping
time on the place having the large water volume and does not
maintain directional control, while the tire of Example 2 1s
strong 1n the gripping force and stable and good 1n the steer-
ng.

c. Evaluation by feeling at a place having middle to small
water volume

In the tire of Example 2, the cart 1s easily controlled even in
the rough steering as compared with the tire of Conventional
Example 1. Also, the rear portion of the cart 1s sable at the
moment of moving the front portion from braking, and the
steering of the front portion becomes sharp and the driving 1s
casy and good.

d. Total evaluation

The tire of Example 2 develops a stable gripping force
irrespectively of the water volume as compared with the tire
of Conventional Example 2, and 1s easy in the steering and
can run at a fast time to provide good results.

Particularly, better results can be obtained by combining
the pneumatic tire according to the first aspect of the invention
with the pneumatic tire according to the second aspect of the
invention as a front tire and a rear tire of a racing cart.

What is claimed 1s:

1. A pneumatic tire having a central region corresponding
to TW,,x35% and both shoulder regions when TWg, 15 a
ground contact width of a tread in the tire mounted onto a rim
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of 4.5-5 inches under an internal pressure of 100 kPa and a
load 01 784 N, 1n which no wide-width main groove continu-
ously extending 1n a circumierential direction 1s existent 1n
the central region and the shoulder regions, characterized in
that a plurality of bell-shaped wide-width main grooves each
extended substantially bell-shapedly into both sides approxi-
mately centering on an equator of the tire are disposed in the
tread to form a plurality of land parts each comprised of a
center land portion, a shoulder land portion and a connecting
land portion viewing from a front face of the tire in which an
inclination angle with respect to the circumierential direction
1s 90-10° 1n the central region and 10-90° 1n the shoulder
region and a groove width 1s 7-13% of TW4, and a groove
depth 1s 65-90% of a rubber thickness of the tread, and an
interval (d1) on the equator between the bell-shaped wide-
width main grooves adjoining to each other in the circumier-
ential direction 1s 4.0-3.5% of a tire peripheral length and a
width (d2) of the connecting land portion at a position coming
the bells-shaped wide-width main grooves closest to each
other 1snotless than 1.5 mm, and a negative ratio at the central
region 1s S0-80%;
wherein the bell-shaped wide width main grooves are sub-
stantially symmetric with respect to the equatorial plane,

wherein at least one sub-groove 1s arranged 1n the shoulder
land portion formed 1n the shoulder region between the
adjoining bell-shaped wide-width main grooves to ren-
der the shoulder land portion 1nto a fork shape, and a
groove width of the sub-groove 1s 15-60% of the width
of the main groove and a groove depth of the sub-groove
1s 30-100% of the depth of the main groove.

2. A pneumatic tire according to claim 1, wherein 1n at least
the vicinity of the connecting land portion, a radius of curva-
ture (R1) of a curved part connecting to a top (R0) of the
bell-shaped wide-width main groove at a leading side 1s not
more than 35 mm and a radius of curvature (R2) of a bottom
portion of the bell-shaped wide-width main groove at a trail-
ing side 1s not more than 80 mm.

3. A pneumatic tire according to claim 1, wherein in the
connecting land portion at the position coming the bell-
shaped wide-width main grooves closest to each other 1n the
circumierential direction 1s formed a recess communicating
both the adjoining bell-shaped wide-width main grooves, and
the recess has substantially a streamline shape at a section 1n
which a height of the connecting land portion 1s gradually
decreased in the thickness direction of the tread and a length
of the recess formed 1n the connecting land portion at a zone
at least ranging from an outer surface of the tread to 20% of
the depth of the main groove 1s 80-200% of the width of the
main groove and a depth of the recess at a position deepest
from the outer surface of the tread 1s 60-100% of the depth of
the main groove.

4. A pneumatic tire according to claim 1, wherein a sipe
communicating with the bell-shaped wide-width main
groove 1s arranged substantially 1 a center of the center land
portion 1n the circumierential direction, and a width of the
sipe 1s 0.5-2 mm and a depth of the sipe1s 30-80% ofthe depth
of the main groove.

5. A pneumatic tire according to claim 1, wherein said tire
1s a front tire of a racing cart.

6. A pneumatic tire having a central region corresponding
to TW,,,x35% and both shoulder regions when TW,,, 1s a
ground contact width of a tread in the tire mounted onto a rim
of 7-5 inches under an 1internal pressure of 100 kPa and a load
of 1078 N, 1n which no wide-width main groove continuously
extending 1n a circumierential direction 1s existent in the
shoulder regions, characterized in that a wide-width main
groove extending straight in the circumierential direction and
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having a see-through width corresponding to 5-9% of TW,
and a groove depth corresponding to 65-90% of a rubber
thickness of the tread 1s disposed on an equator of the tire and
a plurality of bell-shaped wide-width main grooves each
extended substantially bell-shapedly into both sides approxi-
mately centering on an equator of the tire are disposed in the
tread to form a plurality of land parts each comprised of a
center land portion, a shoulder land portion and a connecting
land portion viewing from a front face of the tire in which an
inclination angle with respect to the circumierential direction
1s 90-10° 1n the central region and 10-90° 1n the shoulder
region and a groove width 1s 7-13% of TW, ,, and a groove
depth 1s 65-90% of the rubber thickness of the tread, and an
interval (d3) on the equator between the bell-shaped wide-
width main grooves adjoining to each other in the circumier-
ential direction 1s 4.0-5.5% of a tire peripheral length and a
width (d4) of the connecting land portion at a position coming,
the bells-shaped wide-width main grooves closest to each
other 1s notless than 1.5 mm, and a negative ratio at the central
region 15 55-65%;
wherein the bell-shaped wide width main grooves are sub-
stantially symmetric with respect to the equatorial plane,

wherein at least one sub-groove 1s arranged 1n the shoulder
land portion formed 1n the shoulder region between the
adjoining bell-shaped wide-width main grooves to ren-
der the shoulder land portion into a fork shape, 1n which
a groove width 1s 30-65% of the width of the main
groove and a groove depth 1s 40-100% of the depth of the
main groove.
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7. A pneumatic tire according to claim 6, wherein viewing,
from the connecting land portion at the position coming the
bell-shaped wide-width main grooves closest to each other,
an angle (al) of the center land portion defined between the
bell-shaped wide-width main grooves 1s set to not less than
25° and an angle (a2) of the shoulder land portion defined
between the bell-shaped wide-width main grooves 1s set to
not less than 25°.

8. A pneumatic tire according to claim 6, wherein in the
connecting land portion at the position coming the bell-
shaped wide-width main grooves closest to each other in the
circumierential direction 1s formed a recess communicating
both the adjoining bell-shaped wide-width main grooves, and
the recess has substantially a streamline shape at a section 1n
which a length of the recess formed 1n the connecting land
portion at a zone at least ranging from an outer surface of the
tread to 20% of the depth of the main groove 1s 80-200% of
the width of the main groove and a depth of the recess at a
position deepest from the outer surface of the tread 1s
60-100% of the depth of the main groove.

9. A pneumatic tire according to claim 6, wherein a sipe
communicating with the bell-shaped wide-width main
groove 1s arranged substantially in a center of the center land
portion 1n the circumierential direction in which the sipe has
a width of 0.5-2 mm and a depth corresponding to 40-80% of
the depth of the main groove.

10. A pneumatic tire according to claim 6, wherein said tire
1s a rear tire ol a racing cart.
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